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METHOD FOR PRODUCING
POLYETHERSULFONE FIBER

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a polyethersulione fiber, a
production method thereot, and a filter.

2. Description of the Related Art

In a semiconductor production, a filter having strong resis-
tance to chemical liquids (containing organic solvents, acids,
alkalis, oxidizers and the like) and being difficult to arise
clution substance from a filter has been demanded. As the
filter with such characteristics, microporous microfiltration
membranes made of a polytetratluoroethylene (PTFE) have
conventionally been used widely. However, since the PTFE 1s
expensive, the production cost tends to be increased, particu-
larly when such the membrane such as the microfiltration
membrane 1s prepared from the PTFE and utilized 1n the
semiconductor production and the like. In recent years, inves-
tigations are made on the use of a more mexpensive poly-
cthersulifone for the filter, instead of using the PTFE (see
JP-A-2002-166144).

The polyethersulfone, however, tends to be difficult to be
made 1nto a fiber having a small fiber diameter. Such a filter of
polyethersulifone fiber having not so small fiber diameter may
be difficult to suificiently trap fine particles, and theretfore, 1s
sometimes not appropriate for the microfiltration membrane
used 1n the semiconductor production.

SUMMARY OF THE INVENTION

The present mvention has been accomplished under the
above-described circumstances. One of objectives of the
present mnvention 1s to provide a polyethersulfone fiber having,
a small fiber diameter, a method for producing such a poly-
cthersulfone fiber and a filter comprising the polyethersul-
fone fiber.

In the present invention, a polyethersulifone fiber can be
produced by a method of allowing a solution comprising a
polyethersulfone and a solvent to be discharged by an elec-
trical force 1n an electrical field.

Specifically, the present invention provides a method for
producing a polyethersulione fiber, the method comprising
the steps of:

discharging an electrically charged solution comprising a
polyethersulione and a solvent from a container; and

drawing the charged solution by electrical attraction 1n an
clectrical field generated between the solution and an electri-
cally charged collecting means having the opposite charge of
the solution, while evaporating at least a portion of the solvent
to form a polyethersulione fiber.

In the present invention, a polyethersulione fiber 1s pro-
duced by an electrostatic spinming, wherein a polymer solu-
tion comprising a polyethersulione 1s discharged in an elec-
tric field to be scatted by electrical attraction. The inventors of
the present invention have found that a thinner polyethersul-
fone fiber can be formed by the production method of the
present invention, as compared to the polyethersulfone fibers
obtained by the conventional methods. The polyethersulione
fiber obtained 1n the present invention can be thin and fine,
since the electrostatic spinning 1n the present invention allows
the polyethersulfone solution to be drawn out by electrical
attraction so as to form a thin, fine fiber. The polyethersulione
fiber obtained by the production method of the present inven-
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2

tion provides a filter which can collect foreign particles
including fine particles in the production process of semicon-
ductor and the like.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a view showing an example electrostatic spinning,
apparatus which can be utilized 1n the present invention;

FIG. 2 1s a view showing a SEM photograph of the surface
of a fiber substance obtained 1n Example 1; and

FIG. 3 15 a view showing a SEM photo graph on the surface
ol a fiber substance obtained 1n Example 2.

FIG. 4 1s a view showing a SEM photograph on the surface
of a fiber substance obtained 1n Example 4.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

PR

L1
]

ERRED

In the present invention, a polyethersulione fiber can be
produced by a method comprising the steps of:

discharging an electrically charged solution comprising a
polyethersulione and a solvent from a container; and

drawing the charged solution by electrical attraction 1n an
clectrical field generated between the solution and an electri-
cally charged collecting means having the opposite charge of
the solution, while evaporating at least a portion of the solvent
to form a polyethersulfone fiber.

The polyethersulfone used in the present invention is pred-
erably soluble 1n an organic solvent. Such a polyethersulione
1s advantageous in preparing a thin polyethersulione fiber,
since the polyethersulfone 1s capable of easily producing a
polymer solution comprising the polyethersulfone which can
be easily applied in the electrostatic spinning mentioned
above.

The polyethersulione used 1n the present invention prefer-
ably has a structural umit represented by the formula (1)

\
W/

RIZ)q

(1)

\J

Rl l)p

O=unn=0

wherein each of R'' and R'* independently represents a halo-
gen atom, a phenyl group, an alkyl group having 1 to 6 carbon
atoms, or an alkenyl group having 2 to 10 carbon atoms; and
cach of p and g 1s independently an integer of O to 4. When p
and/or q is 2 to 4, each of R''s and R'#s may be the same or
different.

The polyethersulfone having the above structure tends to
be easily dissolved into a solvent, and in particular, a polymer
solution thereot tends to be easily prepared. Therefore, such a
polyethersulfone and the polymer solution thereof are suit-
ably used for electrostatic spinming 1n the present invention, to
produce a polyethersulione fiber having a small fiber diam-
eter.

Also, 1n the electrostatic spinning 1n the present invention,
it 1s preferred to use such a polyethersulione that when about
0.5 g/dl of a polymer solution of the polyethersulifone with a
N,N-dimethylacetamide solvent i1s prepared, the polymer
solution has a reduced viscosity of from 0.4 to 0.7 g/dL, more
preferably a reduced viscosity of from 0.4 to 0.65 g/dL, at a
temperature of about 25° C. Such a polyethersulion 1s pret-
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erably used 1n the electrostatic spinning 1n the present mven-
tion, since the resulting polymer solution of the polyethersul-
fon can easily provide a polyethersulione fiber having a small
fiber diameter.

Another preferable polyethersulfone used in the present
invention preferably fturther has, in addition to the structural
unit of the formula (1) mentioned above, a structural umit
represented by the formula (2) below:

(2)

wherein each of R*', R*?, R** and R** independently repre-
sents a hydrogen atom or an alkyl group having 1 to 6 carbon
atoms.

While the polyethersulfone having such a structure has a
high glass transition temperature (Tg), the polyethersulione
can be dissolved into a solvent and easily made into a fiber by
the production method of the present mnvention. As a result,
when such a polyethersulfone 1s used in the present invention,
a polyethersulfone fiber having a high Tg, an excellent heat
resistance and a small fiber diameter can be obtained.

In the present invention, it 1s possible to obtain a fiber of the
polyethersulione having the formula (1) mentioned above,
the fiber having a Tg o1 260° C. or higher and an average fiber
diameter of from 0.01 to 0.5 um. Such a polyethersulione
fiber 1s microporous, and therefore, 1s suitable for providing a
filter for microfiltration as well as a filter having high heat
resistance. Such a polyethersulione fiber having a small fiber
diameter and a high Tg has been hardly obtained by the
conventional fiber-production methods.

The present invention can provides a filter having a high
Tg, excellent in heat resistance, which comprises a fiber of the
polyethersulione having a small fiber diameter. The filter can
be used 1n a microfiltration 1 a semiconductor production
process and the like to have excellent filtration properties in,
for example, collection of dust, fine particles and the like.

Thus, 1n according to the present invention, a polyethersul-
fone fiber having a small fiber diameter 1s provided, as men-
tioned above. Also, a polyethersulifone fiber having a smaller
diameter and a higher glass transition temperature (Tg) (as
compared to those of the conventionally obtained polyether-
sulfone fibers) can be obtained.

Preferable embodiments of the present invention will be
described below in more detail, which should not be con-
strued as a limitation upon the scope of the present invention.

A preferable polyethersulione fiber can be obtained in the
present invention from a polyethersulfone having a structural
unit represented by the formula (1) mentioned above. The
polyethersulione fiber may have an average fiber diameter of
0.01 to 5 um and a grass transition temperature (1g) of 260°
C. or higher. The polyethersulione fiber may be formed from
one kind of polyethersulifone, or from two or more kinds of
polyethersuliones. When 1n the formula (1) p and/or g 1s an
integer of 2 to 4, each of R''s and R'*s may be the same or
different.
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When the polyethersulione fiber has an average fiber diam-
cter of smaller than 0.01 um, the production process of the
fiber may have difficulty. On the other hand, when the poly-
cthersulfone fiber has an average fiber diameter of larger than
5 um, the surface area of the fiber may be small, and the fiber
cloth made from the fiber may have a larger thickness, which
1s 1inappropriate for a microfilter. From the viewpoint of easy
production and achieving a larger surface area and a small
thickness of the resulting cloth, the average fiber diameter of

the polyethersulfone fiber 1s more preferably in the range of
from 0.05 to 0.4 um.

When the polyethersulione with Tg of lower than 260° C.
1s used, the resulting filter or the like may have insuificient
heat resistance. From the viewpoint of achieving good heat
resistance, 1t 1s more preferable to use a polyethersulione with
Tg of 270° C. or higher. Please note that the Tg of the poly-
cthersulfone fiber 1s a temperature at which the polymer con-
stituting the polyethersulione fiber turns into a rubber state
from a non-crystalline glass state, and can be measured by
heat flux differential scanning calorimetric measurement of
JISK 7121 (1987).

As mentioned above, the polyethersulifone used in the
present invention preferably has, 1n addition to the structural
unit of the formula (1), a structural unit represented by the
formula (2). Such a polyethersulifone tends to easily provide
a fiber with a glass transition temperature (1g) ol 260° C. or
higher and to be suiliciently dissolved in solvents.

The above-mentioned polyethersulifone having both of the
structural units represented by the formula (1) and the struc-
tural umt represented by the formula (2) may be a random
copolymer, an alternate copolymer or a block copolymer
having the structural units. When 1n the polyethersulione the
number of structural units represented by the formula (1) 1s k,
and the number of structural unit represented by the formula
(2) 1s 1, then a ratio k:1 1s preferably 1n the range of from
0.1:100 to 100:0.1. A value 1/1+k 1s preferably 1n the range of
from 0.3 to 0.5, more preferably in the range of from 0.4 to
0.5. When the value I/1+k 15 less than 0.3, the polyethersulione
fiber obtained from the polyethersulione tends to have a low
Tg. When the value I/l1+k exceeds 0.5, a polymer solution
prepared using the polyethersulione tends to deteriorate in
storage stability, and also the production cost of the poly-
cthersulfone may be high since a raw material for the struc-
tural unit represented by the formula (2) may be expensive.

Another preferable polyethersulfone used in the present
invention may be a random copolymer, an alternate copoly-
mer, or a block copolymer which further has a structural unit
other than the structural units of the formulas (1) and (2), 1n
addition to the structural units of the formulas (1) and (2).

One of examples of such a structural unmit other than the
structural units of the formulas (1) and (2) 1s a structural unit
represented by the formula (3) below:

(3)
R“)r <R32>5

Soget

wherein each of R’ and R’* independently represents a halo-
gen atom, a phenyl group, an alkyl group having 1 to 6 carbon
atoms, or an alkenyl group having 2 to 10 carbon atoms; each
of r and s 1s independently an integer of O to 4; and X repre-
sents a single bonding, a group represented by —S— a group
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represented by —O—, a carbonyl group, a divalent aliphatic
hydrocarbon group having 1 to 20 carbon atoms, or a divalent

alicyclic hydrocarbon group having 5 to 20 carbon atoms.
When r and/or s is an integer of 2 to 4, each of R*'s and R>*s
may be the same or different.

Another example of the structural unit other than the struc-
tural units of the formulas (1) and (2), which may be in the
preferable polyethersulfone used 1n the present invention, 1s a
structural unit represented by the formula (4) below:

(4)

whereinr is an integer of O to 4, and 1s preferably 0, 1 or 2; and
R*! represents a halogen atom, a phenyl group, an alkyl group
having 1 to 6 carbon atoms or an alkenyl group having 2 to 10
carbon atoms. When r is an integer of 2 to 4, each R*' may be
the same or different.

Another example of the structural unit other than the struc-
tural units of the formulas (1) and (2), which may be 1n the
preferable polyethersulifone used 1n the present invention, 1s a
structural unit represented by the formula (5) below:

H{O—Ar ') (3)

wherein Ar’" represents a divalent condensed polycyclic
hydrocarbon group, and an aromatic ring in the divalent con-
densed polycyclic hydrocarbon group may be substituted by
an alkyl group having 1 to 6 carbon atoms, provided that Ar>"
1s selected so that the structural unit represented by the for-
mula (35) 1s not 1dentical to the structural unit represented by
the formula (1) in the polyethersulione.

Examples of the halogen atom 1n the structural units rep-
resented by the formulas (1) to (5) include a fluorine atom, a
chlorine atom, a bromine atom, an 10odine atom and the like.
Also, examples of the alkyl group having 1 to 6 carbon atoms
in the structural units represented by the formulas (1) to (5)
include a methyl group, an ethyl group, a propyl group, a
butyl group, a pentyl group, a hexyl group and the like. The
alkyl group may be a straight chain group, a branched chain
group or a ring group. Also, examples of the alkenyl group
having 2 to 10 carbon atoms 1n the structural units represented
by the formulas (1), (3) and (4) include a vinyl group, prope-
nyl group, butenyl group, and the like. The alkenyl group may
be a straight chain group, a branched chain group or a ring
group.

If a polyethersulfone has any of the structural units repre-
sented by the formulas (1) to (35), of which aromatic rings 1n
the structural units have one or more substituent(s) such as a
halogen atom, a phenyl group, an alkyl group and an alkenyl
group, then the polyethersulione tends to increase solubility
in a solvent, while the polyethersulione also tends to lower
Tg. Therefore, the number(s) and/or type(s) of the substituent
(s) of monomers for preparing a polyethersulione 1s/are
approprately selected with considering the balance 1n effects
between the increased solubility and the lowered Tg due to
the substituent(s).

Examples of the divalent condensed polycyclic hydrocar-
bon group 1n the formula (35) include divalent groups, each of
which 1s obtained by removing two hydrogen atoms from
condensed polycyclic hydrocarbon such as pentalene, indene,
naphthalene, azulene, heptalene, as-indacene, s-indacene,
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acenaphthylene, fluoranthene, acephenanthrylene, acean-
thrylene, triphenylene, pyrene, chrysene, naphthacene,
picene and pentaphene.

As mentioned above, the polyethersulfone suitably used 1n
the present invention has the structural units represented by
the formulas (1) and (2) and may have the structural umit
represented by the formula (3), (4) and/or (5) within a range
that does not impair characteristics of the resulting polyether-
sulfone fiber and workability 1n production thereof. When the
polyethersulione has the structural unmit other than the struc-
tural units of the formulas (1) and (2), 1t 1s more preferable to
have a combination of two or more of the structural units
represented by the formulas (3), (4) and (5), and 1t 1s further
preferable to have the combination of all of the structural
units represented by the formulas (3), (4) and (5).

When a polyethersulione has the structural units repre-
sented by the formulas (1) and (2) as well as the other units,
and the numbers of the structural units represented by the
formula (1), (2) and the other units are 1s k, 1 and m, respec-
tively, then each of a ratio k:1, a ratio 1:m and a ratio k:n 1s

preferably 1n the range of from 0.1:100 to 100:0.1. A value
1/(k+1+m) 1s preferably in the range of from 0.3 to 0.5, and 1s
more preferably in the range of from 0.4 to 0.5. When the
polyethersulione contains a plurality of types of the structural
units other than the structural units of the formulas (1) and (2),
the total number of a plurality of types of the structural units
corresponds to m.

Specifically, the polyethersulione for the polyethersulfone
fiber 1n the present invention preferably has structural units
represented by the formulas (6a) and (6b), each of which 1s
shown below:

(6a)
/ N/ \
‘ Y
\ | F M
0. O o
\\S//
‘ X
S

—0

Such a polyethersulione 1s preferably used for preparing the
polyethersulione fiber 1n the present invention since the poly-
cthersulfone tends to have a high Tg and easily provide a fiber
with high strength, which 1s advantageous in preparing a
polyethersulfone fiber having a small fiber diameter. More-
over, 1t 1s also preferred that, 1n addition to the formulas (6a)
and (6b), the polyethersulfone further has a structural unit
represented by the formulas (7) and/or (8) below:

(7)

\_/

ol N\

[
\ \—/
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-continued

(I

The polyethersulione having the above-described structure
can be obtained by a known method. For example, the poly-
cthersulione can be produced by a method of mixing an alkali
metal salt of an aromatic compound having hydroxyl groups
at both terminals of the compound (such as bisphenol) with a
benzsulfone dihalide 1n an appropriate solvent, followed by

heating. More specifically, as disclosed in Japanese Patent
Application Laid-Open No. P-A-05-255505, the polyether-
sulfone can be produced by a polycondensation of a dihalo-
genodiphenyl compound and a divalent phenol compound 1n
an organic polar solvent 1n the presence of an alkali metal
compound. The polyethersulifone obtained by such a produc-
tion method may have any type of group at 1ts terminal, and
examples of the terminal group of the polyethersulione
include a group such as —F, —Cl, —OH and —OR wherein
R 1s an alkyl group.

In the present invention, a polyethersulione fiber may be
produced 1n an electrostatic spinning method 1n which a solu-
tion containing raw materials for the fiber 1s scattered 1n an
clectric field by electrical attraction. Specifically, a polyether-
sulfone fiber may be produced by the method which com-
prises the steps of:

discharging an electrically charged solution comprising a
polyethersulione and a solvent from a container; and

drawing the charged solution by electrical attraction 1n an
clectrical field generated between the solution and an electri-
cally charged collecting means having the opposite charge of
the solution, while evaporating at least a portion o the solvent
to form a polyethersulione fiber.

One of example methods for producing the polyethersul-
fone fiber 1s as follows:

A pair of electrodes are oppositely disposed and impressed
with voltage to cause an electrostatic field. In this state, the
solution containing raw materials for fiber 1s disposed on one
clectrode side (typically, positive electrode), and the solution
thus charged 1s scattered toward the other electrode side (typi-
cally, negative electrode) 1n an electrostatic field by electrical
attraction. At that time, the solution 1s widely dispersed, and
the raw matenals for fiber contained in the solution are
extended and transformed into the fiber thereotf by attraction
torce from the other electrode side. The fiber thus formed 1s
collected by a collection substrate disposed on the opposite
clectrode side, to consequently obtain a fiber substance.

The production method of the polyethersulione fiber may
be conducted using an apparatus comprising a container in
which a solution of the polyethersulione as a raw material 1s
supplied, and a collecting means on which the resulting poly-
cthersulfone fiber 1s collected.

FIG. 1 1s a view showing an example electrostatic spinning,
apparatus which can be used as a device for producing a
polyethersulifone fiber of the present mnvention.

As shown 1n FIG. 1, an electrostatic spinning apparatus 1 1s
composed of a syringe 2 for accommodating a solution (poly-
mer solution 3) containing at least a polyethersulione as a raw
material, a nozzle 4 for discharging the polymer solution,
which 1s provided at the tip end of this syringe 2, a collecting,
means (collection electrode 5) to which a polyethersulione
fiber formed by electrostatic spinming 1s attached, and a volt-
age generator 6 connected to the nozzle 4 and the collection

(3)
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clectrode 5 to impress these with voltage. In this electrostatic
spinning apparatus 1, the nozzle 4 functions as the above-
mentioned one electrode, and the collection electrode 5
serves both as the above-mentioned other electrode and col-
lection substrate.

In the electrostatic spinning apparatus 1, the nozzle 4 1s
made of electrically-conductive materials of metal and the
like for functioning as the electrode. Similarly, the collection
clectrode 5 1s made of electrically-conductive materials and
may have a composition such that an insulative substrate 1s
coated with electrically-conductive materials. The syringe 2
1s a vessel capable of internally accommodating the polymer
solution 3. The voltage generator 6 1s connected to the nozzle
4 and the collection substrate 5, between which voltage can be
impressed.

In a method for producing a polyethersulione fiber by
using the electrostatic spinning apparatus 1, a solution (poly-
mer solution 3) comprising a polyethersulfone and a solvent
may be utilized. In the polymer solution 3, a polyethersulione
1s preferably dissolved 1n a solvent.

The solvent used for the polymer solution 3 preferably
dissolves the polyethersulfone and have volatile property to
be evaporated at the step of electrostatic spinning. More pret-
erably, the solvent has a boiling point of 250° C. or lower at an
ordinary pressure (about 1 atm) and 1s 1 a liquid state at a
room temperature (about 25° C.). Examples of such a solvent
include an amide-based solvent, a ketone-based solvent, an
ester-based solvent, a sulfoxide-based solvent, an acetal-
based solvent, a mixture of some of them, and the like.
Examples of the amide-based solvent include N,N-dimethyl-
formamide, N,N-dimethylacetoamide, N-methyl-2-pyrroli-
done and the like. Examples of the ketone-based solvent
include cyclohexanone, cyclopentanone and the like.
Examples of the ester-based solvent include y-butylolactone
and the like. Examples of the sulfoxide-based solvent include
dimethylsulfoxide, sulfolane and the like. Examples of the
acetal-based solvent include 1,3-dioxolan and the like.

Among them, N,N-dimethylformamide, N,N-dimethylac-
ctoamide, N-methyl-2-pyrrolidone and dimethyl sulfoxide
are prelerable as a solvent. One type of the solvent may be
used, or two or more types of solvent may be used together. A
solvent other than the solvent mentioned above, a solvent 1n
which the resulting polyethersulfone fiber has a small solu-
bility and/or a non-volatile solvent, may be used within a
range that does not impair characteristics of the resulting
polyethersulione fiber and workability 1n production thereof.

The content (concentration) of the polyethersulione 1n the
polymer solution 3 1s preferably 1n the range of from 3 to 30%
by weight, more preferably 1n the range of from 4 to 20% by
weilght on the basis of the total amount of the polymer solu-
tion 3. When the polymer solution 3 having the content of the
polyethersulione of smaller than 3% by weight 1s used, fiber
formation may be difficult due to the low viscosity of the
solution. On the other hand, the polymer solution 3 having the
content of the polyethersulfone of larger than 30% by weight
1s used, the diameter of the resulting polyethersulione fiber
obtained form the polymer solution 3 tends to be larger.

In a method for producing a polyethersulfone fiber of the
present invention by using the electrostatic spinning appara-
tus 1, the polymer solution 3 1s accommodated inside the
syringe 2 and supplied to the nozzle 4. This syringe 2 func-
tions so that the polymer solution 3 accommodated 1nside 1s
always filled up to the tip of the nozzle 4 at least during the
clectrostatic spinming, but yet does not need to push out the
polymer solution 3.

When the nozzle 4 and the collection electrode 5 are
impressed with voltage by operating the voltage supplier 6, an
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clectrostatic field 1s generated therebetween, which result 1n
that the polymer solution 3 1n the nozzle 4 1s charged and 1s
drawn by the electrical attraction generated between the poly-
mer solution 3 and the collection electrode 5 having the
opposite charge (to the charge) of the polymer solution 3.
When the impressed voltage 1s so high voltage that a certain
degree or more of the electrical attraction 1s generated, then
the polymer solution 3 is scattered toward the side of the
collection electrode 3.

The polymer solution 3 charged and scattered from the
nozzle 4 1s attracted to the side of the collection electrode 5
and linearly dispersed. On this occasion, the charged solution
3 1s drawn by electrical attraction in the electrical field gen-
crated between the solution and the collection electrode 35
(collecting means), while evaporating at least a portion of the
solvent to form a polyethersulfone fiber. The polyethersul-
fone fiber thus formed reaches the collection substrate 5 and
1s collected on the substrate. The polyethersulione fiber col-
lected on the substrate typically comprises the polyethersul-
tone. The polyethersulione fiber 1s typically produced so as to
form a polyethersulione fiber substance (fiber substance 10)
such as a fiber cloth (nonwoven fabric).

In the electrostatic spinming, at least a portion of the solvent
contained in the polymer solution 3 vaporizes and 1s removed
betore reaching the collection substrate 5. The electrostatic
spinning may be performed under reduced pressure to remove
almost all of the solvent. Unless otherwise inconvenient, the
solvent which has not been removed away may be contained
in the fiber substance 10.

In the electrostatic spinning, in order to sufficiently scatter
the polymer solution 3, the impressed voltage 1s preferably in
the range of from 3 to 100 kV, more preferably 1n the range of
from 5 to S0 kV and most preferably in the range of from 8 to
30 kV 1n the electric potential between the nozzle 4 and the
collection electrode 5. The distance between the tip of the
nozzle 4 and the collection electrode 5 1s preferably a distance
in which the polymer solution 3 1s suiliciently scattered at the
preset voltage and the formed fiber can certainly reach the
collection electrode §; and for example, 1s preferably in the
range of from 5 to 20 cm when the above-mentioned electric
potential 1s approximately 10 kV.

The electrostatic spinning can be performed at a tempera-
ture 1n the range of from 0 to 50° C. depending on easiness for
solvent to vaporize and on viscosity of the polymer solution 3,
while the electrostatic spinnming may be performed at a tem-
perature 1n the range of 50° C. or higher by heating using, for
example, a thermal heater when the solvent has a high boiling
point and 1s difficult to remove. The temperature of the elec-
trostatic spinning 1s a temperature of the environment sur-
rounding the electrostatic spinning, including at least the
environment where the polymer solution 3 1s scattered
between the nozzle 4 and the collection electrode 5 1n the
clectrostatic spinning.

The fiber substance 10 may further be subjected to a heat
treatment depending on the properties of the polyethersulione
fiber desired. The heat treatment occasionally improves
mechanical strength of the fiber substance 10 made of the
polyethersulfone fiber. I1 the heat treatment 1s conducted, the
heat treatment 1s preferably performed at temperature 1n the
range where the fiber-form of the polyethersulione fiber 1s
maintained.

The fiber substance 10 thus obtained may be used singly as
a fiber cloth, or may also be used in combination with another
member such as a support depending on easiness of handling,
and other demand characteristics of the fiber substance. For
example, the fiber substance 10 as a fiber cloth may be formed
on a support made of another fiber cloth (such as nonwoven
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cloth and woven cloth), a film or the like, to obtain a laminate
thereof. The fiber substance 10 occasionally has a form of not
merely a fiber cloth but a tube and a mesh as well.

The fiber substance 10 and the laminated body having the
fiber substance 10 can be used for other than the filter, and
may be applied to a wide range of uses such as barrier mem-
brane for electrolytic battery, battery separator members and
component dialytic membrane 1n fuel battery.

The method for producing a polyethersulione fiber of the
preferred embodiment as described above may be modified 1T
necessary. For example, while the nozzle 4 and the collection
clectrode 5 as two electrodes are utilized in the preferred
embodiment using the electrostatic spinning apparatus 1,
three electrodes consisting of two electrodes different 1n volt-
age value and an earthed electrode may be utilized, or more
clectrodes may be utilized 1n the present invention.

In addition, while 1n the preferred embodiment the collec-
tion electrode 5 serves both as an electrode and a collection
substrate, a collection substrate may be separately provided in
front of another electrode on the side of the place 1s for the
collecting of the fiber on which the fiber substance 10 1is
formed. In this case, for example, the a collection substrate
having a belt shape may be adopted to perform an electro-
static spinning while being moved, so that the fiber substance
10 can be formed continuously. If the above-mentioned sup-
port 1s previously placed as a collection substrate, the fiber
substance 10 can be formed on the support, which makes a
laminate thereof.

In addition, a nozzle discharging the polymer solution 3
may not necessarily serve as an electrode, and a polyether-
sulfone fiber can be formed by the electrostatic spinning,
using an apparatus in which an electrode 1s disposed at the
side of a nozzle so that the polymer solution 3 1s charged. The
nozzle need not always be one, and a plurality of nozzles may
be used, which may effective 1 increasing a production rate
of producing the fiber substance.

Since the fiber structure 10 obtained as described above has
the form of a fiber cloth formed of the polyethersulione fiber,
the fiber structure 10 1s suitably used as a filter. From the
viewpolint of approprately obtaining such a filter, the belt-
like trapping substrate may be used or the trapping substrate
may be movable for keeping a constant gap between the
trapping substrate and the nozzles as described above 1n order
to form a fiber cloth having a desired area. Also, for the
purposes ol obtaining a fiber cloth having a larger area and
improving productivity, a multi-nozzle production using a
plurality ol nozzles may be performed. Further, by appropri-
ately controlling the spinning conditions, it 1s possible to
produce a fiber cloth having a desired thickness. For the
purpose of improving characteristics of the fiber cloth and the

filter using the fiber cloth, 1t 1s possible to perform drawing or
a heat treatment on the obtained fiber cloth.

It 1s possible to use a fiber cloth like the fiber structure 10
for an air filter, an industrial filtration material, and the like, 1n
addition to the filter. Since the fiber cloth formed of the
polyethersulfone fiber obtained by the production method
described above has a remarkably small fiber diameter and
achieves a satisfactory mechanical strength when the thick-
ness 1s reduced. It 1s possible to form a filter having a reduced
filtration resistance and excellent filtration property (dust col-
lecting property and fine particle trapping property) by form-
ing the fiber cloth into a thin film.

The mvention being thus described, 1t will be apparent that
the same may be varied in many ways. Such variations are to
be regarded as within the spirit and scope of the mnvention, and
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all such modifications as would be apparent to one skilled 1n
the art are intended to be within the scope of the following
claims.

The entire disclosure of the Japanese Patent Application
No. 2007-132056 filed on May 17, 2007, including specifi-
cation, claims, drawings and summary, are incorporated
herein by reference 1n their entirety.

EXAMPLES

The present invention 1s described 1n more detail by fol-
lowing Examples, which should not be construed as a limita-
tion upon the scope of the present invention.

The reduced viscosity of the polyethersulione solution pre-
pared and the average fiber diameter of the polyethersulfone
fiber cloth (a nonwoven cloth; fiber substance) produced 1n
the following Examples and Comparative Examples were
measured 1n accordance with the following methods.
Average Fiber Diameter:

A scanning electron microscope (SEM) photograph (5000-
times magnification) on the surface of the obtained fiber
substance (cloth) to be measured was taken. The fiber diam-
cters of twenty fibers chosen with no intention 1n the photo-
graph were measured, and the average value of the fiber
diameters was calculated. The average value was regarded as
the average fiber diameter of the fiber substance.

Reduced Viscosity of Polyethersulifone Solution:

The polyethersulione to be measured was dissolved 1n a
N,N-dimethylacetamide to obtain an about 0.5 g/dl solution
of the polyethersulione. In accordance with JIS-K 6721,
using Uberoad-type viscosity meter (which 1s a capillary
viscosity auto-measuring device manufactured by Shiba-
yama Chemical Instrument Co., Ltd.), a passing time (t) of the
polyethersulione solution was measured at a temperature of
25° C. Apassing time (10) of the N,N-dimethylacetamide was
also measured 1n the same manner at a temperature of 25° C.
The reduced viscosity (nred) of the polyethersulione solution
1s calculated in the formula below:

nred=(#10-1)/C

wherein C (g/dl) 1s a precise concentration of the polyether-
sulfone solution.

Synthetic Example 1

A 500-mL SUS316 polymenizing tank equipped with a
nitrogen inlet, a paddle type stainless steel stirring blade, and
a condenser was charged with 25.43 g of bis(4-fluorophenyl)
sulfone and 35.04 g of 9,9-bis(4-hydroxyphenyl)fluorene,
together with 354.5 g of diphenylsulione, and then the tank
was purged with dry nitrogen for 30 minutes. Subsequently,
the mixture melted 1n an o1l bath at 180° C., and then 14.37 g
of potassium carbonate was added thereto.

Next, the mixture was reacted at 180° C. for one hour while
being purged with nitrogen. Then, the temperature thereof
was raised to 230° C. over 7 hours, followed by retaiming the
temperature for 12 hours to obtain a viscous polymer mixture.
After that, the obtained mixture was poured into a metal tray
1s and solidified as being cooled at a room temperature. The
solidified polymer mixture was pulverized, sieved with a
1.3-mm sieve, and washed with a hot deionized water,
acetone, and methanol.

After the washing, the obtained polymer mixture was dried
at 150° C. overnight to obtain a polyethersulifone A. The glass

transition temperature of the polyethersulfone A measured
was 2385° C.

Synthetic Example 2

Polyethersulione B was obtained 1n the same manner as in
Synthetic Example 1 except that:
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28.03 g (instead of 35.04 g) of 9,9-bis(4-hydroxyphenyl)
fluorene was used;

5.01 g of bisphenol S was used together with the bis(4-
fluorophenyl)sultfone and the 9,9-bis(4-hydroxyphenyl)
fluorene; and

1.4-mm sieve (instead of 1.3-mm sieve) was used before
washing the resulting polyethersulfone mixture with the
hot deionized water, acetone, and methanol.

The glass transition temperature of the polyethersulione B
measured was 274° C.

Synthetic Example 3

Polyethersulfone C was obtained in the same manner as 1n
Synthetic Example 2 except that:
the 9,9-bis(4-hydroxyphenyl)fluorene was not used; and
12.37 g (instead o1 14.37 g) of the potassium carbonate was
used.
The glass transition temperature of the polyethersulione C
measured was 227° C.

Example 1

Into 180 g of N,N-dimethylacetamide, 20 g of the liquid
crystalline polyester A was added and completely dissolved
by heating at a temperature of 80° C. to obtain a yellowish-
brown, transparent polymer solution .1 containing the liquid
crystalline polyester A. The reduced viscosity of the polymer
solution L1 was 0.63 g/dL.

Using the apparatus shown 1n FIG. 1, an electrostatic spin-
ning was performed by discharging the polymer solution
from the nozzle 4 toward the collection electrode § for 20
minutes to form a fiber substance on the collection electrode
5. The inside diameter of the nozzle 4 was 0.7 mm, the voltage
was 12 kV and the distance from the nozzle 4 to the collection
clectrode 5 was 12 cm. A scanning electron microscope pho-
tograph on the surface of the obtained fiber substance was
taken. The photograph 1s shown in FIG. 2, in which the
obtained fiber substance was observed to be a fiber cloth
composed of fiber. In the fiber substance, each fiber was able
to be clearly observed. The average fiber diameter of the fiber

in the cloth was 0.25 um. The glass transition temperature of
the fiber was 285° C.

Example 2

A polymer solution L.2 was obtained 1n the same manner as
in Example 1 except that the liquid crystalline polyester B
was used instead of using the liquid crystalline polyester A.
The reduced viscosity of the polymer solution L2 was 0.57
g/dL. The same electrostatic spinning was performed as 1n
Example 1 except that the polymer solution L2 was used
instead of using the polymer solution L1, to obtain a fiber
substance. A scanning electron microscope photograph on
the surface of the obtained fiber substance was taken. The
photograph 1s shown 1n FIG. 3, in which the obtained fiber
substance was observed to be a fiber cloth composed of fiber.
In the fiber substance, each fiber was able to be clearly
observed. The average fiber diameter of the fiber 1n the cloth

was 0.23 um. The glass transition temperature of the fiber was
2774° C.

Example 3

A polymer solution .3 was obtained 1n the same manner as
in Example 1 except that the liquid crystalline polyester C
was used instead of using the liquid crystalline polyester A.
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The reduced viscosity of the polymer solution L3 was 0.43
g/dL. The same electrostatic spinning was performed as 1n
Example 1 except that the polymer solution L3 was used
instead of using the polymer solution L1, to obtain a fiber
substance. A scanning e¢lectron microscope photograph on
the surface of the obtained fiber substance was taken. The
obtained fiber substance was observed to be a fiber cloth
composed of fiber. In the fiber substance, each fiber was able
to be clearly observed. The average fiber diameter of the fiber

in the cloth was 0.27 um. The glass transition temperature of
the fiber was 227° C.

Example 4

A polymer solution 1.4 was obtained in the same manner as
in Example 1 except that the heating temperature was
changed from 80° C. to 60° C. The polymer solution L4 was
a yellowish-brown, transparent solution. The reduced viscos-
ity of the polymer solution L4 was 0.78 g/dL.

The same electrostatic spinning was performed as in
Example 1 except that the polymer solution L4 was used
instead of using the polymer solution L1, to obtain a fiber
substance. A scanning e¢lectron microscope photograph on
the surface of the obtained fiber substance was taken. The
photograph 1s shown 1n FIG. 4, in which the obtained fiber
substance was observed to be a fiber cloth composed of fiber.
In the fiber substance, each fiber was able to be clearly
observed. The average fiber diameter of the fiber 1n the cloth

was 1.51 um. The glass transition temperature of the fiber was
285° C.

What 1s claimed 1s:
1. A method for producing a polyethersulfone fiber, the
method comprising the steps of:
discharging an electrically charged solution comprising a
polyethersulione and a solvent from a container; and
drawing the charged solution by electrical attraction 1n an
clectrical field generated between the solution and an
clectrically charged collecting means having the oppo-
site charge of the solution, while evaporating at least a
portion of the solvent to form a polyethersulione fiber,
wherein the polyethersulione 1s a polyethersulfone of
which 0.5 g/dL solution with a N,N-dimethylacetamide
solvent has a reduced viscosity of from 0.4 t0 0.7 g/dL at
a temperature ol about 25° C.
2. The method for producing a polyethersulifone fiber
according to claim 1, wherein said solvent 1s at least one kind
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of solvent selected from the group consisting of N,N-dim-
cthylacetamide, N,N-dimethyliformamide, N-methylpyrroli-
done and dimethyl sulfoxide.

3. The method for producing a polyethersulione fiber

according to claim 1, wherein the polyethersulione has a
structural unit represented by the formula (1) below:

~

Rl l)p

(1)

/\)
\/

(Rlz)q
wherein each of R'' and R'* independently represents a
halogen atom, a phenyl group, an alkyl group having 1 to
6 carbon atoms, or an alkenyl group having 2 to 10
carbon atoms; and each of p and g 1s independently an
integer of 0 to 4, each of R''s and R'“s being the same or
different when p and/or q 1s 2 to 4.
4. The method for producing a polyethersulione fiber
according to claim 3, wherein the polyethersulione further
has a structural unit represented by the formula (2) below:

\

R24

Xy

(2)

7\
R X

Y

wherein each of R*', R**, R*, and R** independently
represents a hydrogen atom or an alkyl group having 1 to

6 carbon atoms.

5. The method according to claim 1, wherein the polyether-
sulfone 1s a polyethersulfone of which 0.5 g/dL solution with
a N,N-dimethylacetamide solvent has a reduced viscosity of
from 0.4 to 0.65 g/dL at a temperature of about 25° C.

% o *H % x
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